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1   Background
As per the approved WF [1], the number of HARQ process for TDD-FDD CA and TDD-TDD CA with same or different SCSs:
· Number of HARQ process

	HARQ process number
	CCs with the same duplex mode & SCS with PCell
	CCs with the different duplex mode & SCS with PCell

	FDD 15 kHz + TDD 30 kHz CA
	FDD PCell
	Option 1: 4

Option 2: 6
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	Option 1: 6

Option 2: 8
	8

	TDD 15 kHz + TDD 30 kHz CA
	15 kHz PCell
	Option 1: 6

Option 2: 8
	Option 1: 10

Option 2: 12

Option 3: 16

	
	30 kHz PCell
	8
	Option 1: 6

Option 2: 8


In this contribution, we share our analysis for the specific number of HARQ process for the different CA combinations as listed above.

2   Discussion

2.1   NR CA with different numerology or different duplex mode
As per the discussion during RAN4#94-e meeting, the reasons behind for the proposals of different number of HARQ processes are that companies have different assumptions during the analysis [1], i.e.
a) Whether the HARQ timing for PCell is same as for Single Carrier?

b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?

c) Whether the UL symbols in special slot can be used for carrying PUCCH?

The first aspect a) whether the HARQ timing for PCell is same as single carrier. Consider the timing difference between CCs with multiple active CCs, longer PDSCH processing time should be considered as per Table 7.6.4-1 and Table 7.6.4-2 in TS 38.133. For FDD 15 kHz CA, Option 2 proposes to use 6 instead of 4 HARQ processes, we didn’t find any analysis for such proposal and cannot figure out the logic behind, maybe more information is needed from the company that proposed option 2. But from our analysis, 4 HARQ processes that is same as the single carrier is feasible; For TDD 15 kHz CA, Option 1 proposes to use 6 instead of 8 HARQ processes with intention to minimize the number of HARQ process, from the HARQ timing analysis, 6 HARQ processes is feasible for TDD 15kHz CA, but longer PDSCH processing time should be considered for CA compared to single carrier, 8 HARQ processes that is same as single carrier is more feasible.
For TDD 30 kHz CA, 8 HARQ processes is the smallest feasible number of HARQ processes for TDD pattern 7DS2U.

Proposal 1: Reuse the same number of HARQ processes as for single carrier for CA, i.e. adopt 4 HARQ processes for FDD 15 kHz CA, 8 HARQ processes for TDD 15 kHz CA and 8 HARQ processes for TDD 30kHz CA.
The second aspect b) whether initial transmission and retransmission are scheduled on the same type of TDD slot, we do not think that it is necessary to make such constraints during the scheduling, in LTE CA performance requirements and real network, no such limitation for the test configuration. As per the TDD patterns of “DDDSU” for TDD 15kHz SCS and “7D1S2U” for TDD 30kHz SCS to be used in the testing, if 8 HARQ processes is used, there is no such issue and the initial transmission and retransmission are always scheduled on the same type of TDD slot, except the CA TDD 15kHz PCell + TDD 30kHz SCell if the SCell has 10 or 12 HARQ processes and not consider 16 HARQ processes (this is the previous agreement that not consider 16 HARQ processes for CA). 
The third aspect c) whether the UL symbols in special slot can be used for carrying PUCCH. As per [3], RAN4 agreed to use:

· PUCCH group
· one PUCCH group, i.e., A/N feedback on Pcell  with no UL CA 
· PUCCH format for A/N feedback
· use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs. 
As per TS 38.211:

Table 6.3.2.1-1: PUCCH formats.[TS 38.211]

	PUCCH format
	Length in OFDM symbols 
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	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2


The least number of OFDM symbols of PUCCH for HARQ-ACK is 4, i.e. the UL symbols in special slot for TDD pattern “DDDSU” with S=10:2:2 for TDD 15kHz SCS cannot be used, i.e. 10 HARQ processes analyzed in [6] by using the special slot for HARQ-ACK for TDD 15 kHz PCell + TDD 30 kHz SCell CA combination. For other TDD pattern, such as “7D1S2U” with S=6:4:4 for TDD 30kHz SCS, it is better not use the special slot for HARQ-ACK feedback considering the possible larger number of aggregated CCs for NR CA and future proof.
Proposal 2: Adopt 12 HARQ processes for TDD 30 kHz SCell under TDD 15 kHz PCell + TDD 30 kHz SCell CA; 6 HARQ processes for TDD 15 kHz SCell under TDD 30 kHz PCell + TDD 15 kHz SCell CA.
In summary, our proposal for number of HARQ process is as following:

Table 2.1-1: Number of HARQ process for CA with different duplex model or mixed numerology
	HARQ process number
	CCs with the same duplex mode & SCS with PCell
	CCs with the different duplex mode & SCS with PCell

	FDD 15 kHz + TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + TDD 30 kHz CA
	15 kHz PCell
	8
	12

	
	30 kHz PCell
	8
	6


2.2   HARQ timing
As per the number of HARQ process analyzed, the related specific HARQ timing analysis from our side is shared.

2.2.1   FDD 15kHz SCS + TDD 30kHz SCS
2.2.1.1   FDD 15kHz SCS PCell + TDD 30kHz SCS SCell
FDD with 15kHz SCS acts as PCell, all HARQ-ACK feedback transmitted on FDD UL carrier as figured below, TDD UL-DL pattern for FR1 30kHz SCS, 7D1S2U with S=6:4:4 is used [3]:
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Figure 2.2-1: HARQ timing for FDD-TDD CA with FDD 15kHz SCS PCell + TDD 30kHz SCS SCell
FDD PCell with 15kHz SCS: RAN4 agreed 4 HARQ processes in RAN4#93 meeting. Same number of HARQ process 4 and K1 value 2 as single carrier can be reused.
TDD SCell with 30kHz SCS: to decide the number of HARQ process and the K1 value, all factors affect UE PDSCH processing capability N1 should be considered, the smallest SCS resulting in largest Tproc,1 , i.e. based on FDD 15kHz carrier of PUCCH for HARQ-ACK feedback, the related HARQ-ACK feedback for TDD SCell is multiplexed with the HARQ-ACK feedback for FDD PCell on the FDD carrier as much as possible for the same absolute timing. As shown in Figure 2.3-1, the same 8 HARQ processes as single carrier of TDD with 30kHz SCS can be used. 

K1=2 is used for FDD single carrier with 4 HARQ process for NR Rel-15 UE demodulation requirements, in that case, Tproc,1 = 14 = N1 for
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=0, it equals to the UE minimum PDSCH processing capability 1.
So the number of HARQ process and K1 for FDD 15kHz PCell + TDD 30kHz SCell:
· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1 ={2}

· TDD 30kHz SCell: 8 HARQ processes with K1={2}
2.2.1.2   TDD 30kHz SCS PCell + FDD 15kHz SCS SCell
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Figure 2.2-2: HARQ timing for FDD-TDD CA with FDD 15kHz SCS SCell + TDD 30kHz SCS PCell
TDD PCell with 30kHz SCS: same as single carrier case, i.e. 8 HARQ processes and K1={8,7,6,5,5,4,3,2}. 
FDD SCell with 15kHz SCS: N1 needs to consider the smallest subcarrier spacing 15kHz SCS, 14 symbol with 
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=0, HARQ process#4 of FDD SCell cannot feedback on slot#9 of TDD 30kHz SCS; Tproc,1 for HARQ process#3 of FDD SCell is (14+7) symbol with
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=0, it is feasible. The smallest number of HARQ process for FDD SCell should be 6 as figured below, but only one slot is reserved for the next scheduling of HARQ process#6, 8 HARQ processes is more reasonable, K1 should be based on the slots number of TDD 30kHz SCS PCell, i.e. K1={7,6,4,11,9,7,6,4}

So the Number of HARQ process and K1 for TDD 30kHz PCell + FDD 15kHz SCell:  

· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1={8,7,6,5,5,4,3,2}

· FDD 15kHz SCell: 8 HARQ processes with K1 ={7,6,4,11,9,7,6,4}

2.2.2   FDD 15kHz SCS + TDD 15kHz SCS
2.2.2.1   FDD 15kHz SCS PCell + TDD 15kHz SCS SCell
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Figure 2.2-3: HARQ timing for FDD-TDD CA with FDD 15kHz SCS PCell + TDD 15kHz SCS SCell
FDD PCell with 15kHz SCS: it is same as the single carrier, i.e. 4 HARQ processes with K1= 2.
TDD SCell with 15kHz SCS: The HARQ-ACK is feedback on FDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, K1 is based on 15kHz SCS of the PCell. As per the analysis shown in the above figure, 4 HARQ processes with K1=2 can be configured.
So the number of HARQ process and K1 for FDD 15kHz PCell + TDD 15kHz SCell: 

· FDD 15kHz PCell: same as single carrier case, i.e. 4 HARQ processes with K1=2

· TDD 15kHz SCell: 4 HARQ processes with K1=2
2.2.2.2   TDD 15kHz SCS PCell + FDD 15kHz SCS SCell
[image: image9.png]Number of HARQ process:
- FDD 15kHz SCell:
-TDD 15kHz PCell: 8 with K1={4,3,2,6} same as single carrier

1 2 3

Fo0 1508z
scsou
Scel

as

2
oD 156z
SCS Peal

=)





Figure 2.2-4: HARQ timing for FDD-TDD CA with TDD 15kHz SCS PCell + FDD 15kHz SCS SCell
TDD PCell with 15kHz SCS: it is same as the single carrier, i.e. 8 HARQ processes with K1= {4,3,2,6}.
FDD SCell with 15kHz SCS: The HARQ-ACK is feedback on TDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, K1 is based on 15kHz SCS of the PCell. As per the analysis shown in the above figure, 8 HARQ processes with K1={4,3,2,6,5} can be configured.
So the number of HARQ process and K1 for TDD 15kHz PCell + FDD 15kHz SCell: 

· TDD 15kHz PCell: 8 HARQ processes with K1={4,3,2,6}

· FDD 15kHz SCell: 8 HARQ processes with K1={4,3,2,6,5}
2.2.3   TDD 15kHz SCS + TDD 30kHz SCS
2.2.3.1   TDD 15kHz SCS PCell + TDD 30kHz SCS SCell
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Figure 2.2-5: HARQ timing for TDD-TDD CA with TDD 15kHz SCS PCell + TDD 30kHz SCS SCell
TDD PCell with 15kHz SCS: Same as the single carrier, i.e. 8 HARQ processes with K1= {4,3,2,6}.
TDD SCell with 30kHz SCS: The HARQ-ACK is feedback on TDD PCell with 15kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, K1 is based on 15kHz SCS of the PCell.
So the number of HARQ process and K1 for TDD 15kHz PCell + TDD 30kHz SCell: 

· TDD 15kHz PCell: 8 HARQ processes with K1 ={4,3,2,6}

· TDD 30kHz SCell: 12 HARQ processes with K1={4,4,3,3,2,2,6,6}
2.2.3.2   TDD 30kHz SCS PCell + TDD 15kHz SCS SCell
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Figure 2.2-6: HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell + TDD 15kHz SCS SCell
TDD PCell with 30kHz SCS: it is same as the single carrier, i.e. 8 HARQ processes with K1= {8,7,6,5,5,4,3,2}.
TDD SCell with 15kHz SCS: The HARQ-ACK is feedback on TDD PCell with 30kHz SCS and N1 is considered as per the smallest SCS 15kHz, 14 symbol with 
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=0, but K1 is based on 30kHz SCS of the PCell. As per the analysis shown in the above figure, 6 HARQ processes with K1={7,5,4,11} are needed.
So the number of HARQ process and K1 for TDD 30kHz PCell + TDD 15kHz SCell: 

· TDD 30kHz PCell: same as single carrier case, i.e. 8 HARQ processes with K1 ={8,7,6,5,5,4,3,2}

· TDD 15kHz SCell: 6 HARQ processes with K1={7,5,4,11}
Proposal 3: Use the following number of HARQ process and K1 values for CA with different duplex mode or mixed numerology:
Table 2.2-1: Number of HARQ process and K1 value for CA with different duplex mode or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}


3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:
Proposal 1: Reuse the same number of HARQ processes as for single carrier for CA, i.e. adopt 4 HARQ processes for FDD 15 kHz CA, 8 HARQ processes for TDD 15 kHz CA and 8 HARQ processes for TDD 30kHz CA.
Proposal 2: Adopt 12 HARQ processes for TDD 30 kHz SCell under TDD 15 kHz PCell + TDD 30 kHz SCell CA; 6 HARQ processes for TDD 15 kHz SCell under TDD 30 kHz PCell + TDD 15 kHz SCell CA.
Proposal 3: Use the following number of HARQ process and K1 values for CA with different duplex mode or mixed numerology:
Table 2.3-1: Number of HARQ process and K1 value for CA with different duplex mode or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}
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